In a variety of Josephson weak links the resistively shunted junction model does not properly describe observed excess currents in the voltage current characteristics. A modification of the model is proposed which more adequately describes experimental data.
A large variety of superconducting weak links have been found to be of use beyond the insulating layer tunneling junction originally discussed by Josephson. The voltage current characteristics of these devices are often discussed in the context of the resistively shunted junction (RSJ) model. Within this context, the agreement between experimental and theoretical voltage-current characteristics is, in some cases, flawed by the observed excess currents. This is true for older low T, superconducting point contacts and microbridges,'-as well as more recent high T, grain boundary and step edge superconducting weak links. "-16 Our purpose is to propose a model in which the often observed excess currents are more adequately described. To see what is involved, consider a narrow superconducting wire or a thin film superconductor with no weak link. It is possible to describe the current voltage characteristics of the superconducting sample using a general u = v(Z), as shown in Fig. l(a) . If we assume that this superconducting section were placed in parallel with a Josephson weak link, as a shunt shown in Fig. l(b) , then the total current through the circuit would be Z=Zshunt+Zc sin 8, For example, if the shunt were a supeconductor rather than a simple resistor one might expect
The voltage current characteristics implied by Eqs. (3) and (4) are plotted in Fig. 2 for several values of a=(Zo/Zc). The current voltage characteristics of the RSJ model correspond to a=O. For G-0, there is an "excess current" of IO for high values of I, and the zero voltage intercept is at Z,+Z, .
For another example, consider the more accurate nonlinear model. In a narrow superconducting wire or thin film superconductor with no weak link, the voltage current characteristics due to thermal vortex ring activation is adequately described by
Equation ( taxial thin film of YBCO on a substrate of bicrystal SrTiO,, which is commercially available. The bicrystal interface induced a grain boundary in the epitaxial film. One effect of the grain boundary was to reduce the critical current in the film across the boundary.20-23 It was also determined that these regions of suppressed critical current act as dc weak link junctions.24 Measurements across the junctions were obtained by etching lo-30 ,um bridges across the grain boundary, and attaching four-point contacts to the superconductor. In addition to the four-point contacts, microwave signals were launched into the microbridge, and current steps appeared at V=n(fio/2e) while the critical current was suppressed, consistent with the theory of ac effects in weak links.= It is natural to assume that when these weak link effects were observed, there was still present the normal supercurrent across the boundary. A typical Z-V characteristic curve for a YBCO grain boundary weak link is shown in Fig.  4 using this technique.
Finally, in the limiting case in Eq. (8), where Z,%Z, , the V-Z characteristic function is dominated by the behavior of the shunting superconductor whose V-Z characteristic has the form of a normal superconductor transition.26
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